In this paper, we introduce a new successive interference cancellation (SIC) technique for direct sequence code divided multiple access (DS-CDMA) systems with transmit diversity. The transmit diversity is achieved with a space-time block code (STBC). System performance over a Rayleigh fading channel is explored and the analysis is confirmed by simulation.
Introduction
Multiple access systems allow multiple users to transmit information over the same physical channel. Code division multiple access (CDMA) is a method for implementing a multiple access communication system [I] . However, the performance and capacity of CDMA systems are limited by multiple access interference (MAI). Multiuser detection (MUD) is a way to overcome MAI and near-far effect. The optimal multiuser detector was proposed by Verdu' in 1986 [2] . The drawback of the optimal multiuser detector is its complexity, hence much of the subsequent research in this area has considered suboptimal approaches. Several low-complexity multiuser detectors such as decorrelation, minimum mean squared error (MMSE), successive interference cancellation (SIC) [3] , and parallel interference cancellation (PIC) have been proposed [4] . SIC provides a serial approach to interference cancellation [5] . A 
System Description
The system model is shown in Fig. 1 . We consider the DS-CDMA system introduced in [1] and the space-time block code introduced in [6] to achieve space-time diversity. The transmitter is equipped with M transmit antennas and each transmit antenna sends space-time block coded information for each user using DS-CDMA. We assume there are N receive antennas and K users in the system. For DS-CDMA, the spreading sequence is modulated directly with the user signal. The spreading ratio is the processing gain and is denoted as G. We consider Gold codes for spreading.
We assume a Rayleigh fading channel with AWGN. The channel is flat during one STBC code word. The near-far effect is also considered in this work.
In the receiver, a SIC multiuser receiver is employed for DS-CDMA and STBC. The SIC decoder for CDMA was first introduced by Fazel and Papke in [8] . The detector has K iterations in cascade, where K is the number of active users. The first step is to rank the users in descending order of received power. Then each iteration of the detector makes a decision, regenerates the signal and cancels out one more user from the received signal, so the 0-7803-8294-3/04/$20.00 ©2004 IEEE Figure 1 : DS-CDMA System with STBC and SIC remaining users have less MAI in the next iteration. Since the users are demodulated in decreasing order of power, the weak users will have more MAI reduction. The SIC detector offers significant performance improvements, especially when there is a large disparity amongst received user power levels. Details of the SIC algorithm can be found in (3] and [8] .
In this paper, the detector and sorting criterion are modified to work with STBC. Fig. 2 
ri = r(t + T) = -hos* + his* + ni,
where ro and ri are the received signals at time t and t + T, respectively, where T is the symbol period. The received signals are combined to give 80 = horo + hirr = (ag + ac)so + hno0 + hlnr, (7) 1= h*ro -hor* = (ag + a )8i + h*no -hon;, (8) and are input to a maximum likelihood detector, which 
Numerical Results
We now consider an example of our SIC technique. The spreading gain is G = 31 and there are 7 active users. The near-far ratio is 8dB, and Eb/No is 7dB. We assume a Rayleigh fading channel which is flat during one codeword of the space-tinte block code. Fig. 3 presents the MAI power after different stages of SIC cancellation. In the figure the solid line is the power of the individual users in decreasing order, the dashed line is the MAI for each user without SIC, and the dash-dot line is the MAI for each user with SIC. From Fig. 3 it is clear that the MAI is greatly reduced by the new SIC technique, the weak user signals have less MAI interfereace, and hence will have better performance. Fig. 4 shows the BER performance of the systemi In the figure the solid line is the power of the individual users in decreasing order, the dashed line is the BER for each user without SIC, and the dotted line is the BER for each user with SIC. Fig. 4 shows that the BER is greatly improved by our SIC technique except for the strongest user. Since weak user signals have less MAI, their BER petformance will largely be limited by AWGN (Eb/NO). 5 
Conclusions
In this paper we have introduced a new SIC technique for a DS-CDMA system with transmit diversity. An analysis of the performance of this system was presented. Simu- 
